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SUWARY

Resultsarepresentedofa flightinvestigationofa rocket-propelled
roll-stabilizedm&el incorporating-agyro-act&tedcontrolandw-tig:tip
ailerons.Themodelwasdisturbedinpitchandrolltodeterminethe
effectofthesedisturbancesontheroll-stabilizationsystem.

Theflightrecordsindicatethatsatisfactoryrollstabilization
maybe obtainedfromthecombinationofwing-tipaileronsandthegyro-
actuatedautomatic-controlsystemduringchangesinangleofattackand

● rolltrimat supersonicandtransonicspeeds.h additionto informa-
tionontheautopilotperformance,longitudinalperformancedatawere
determinedfromtheflightrecords.

*

INTRODUCTION

Theproblemofprovidingrollstabilizationforpilotlessaircraft
isof interesttothoseengagedinmissileresearchanddevelopmentwork. -
Thereisno singlesolutionto therollstabilizationproblemthatapplies
toallpilotlessaircraftandno oneautopilot(orautopilottype)that
willprovidemosteconomicallythedesiredrollstabi~i%yinallcases.
Factorssuchasaerodynamicdampingandcontrol-surfaceeffectiveness
varywiththeMachnumberandthealtitudeatwhichthepilotlessair-
craftfly,aswellaswiththevariousaerodynamicconfigurations.

Analyticalandbenchtesttechniquesnowavailablearepowerful
toolsinthehandsoftheautomatic-control-systemdesigner.Theproof
of thecontrolsystem,however,stillliesinflighttestsoftheequip-
ment,testsinwhichtheaut~ilotissubjectedtoallthevibrations
andsimultaneousaccelerationstobe encounteredinactualuse.

% IsupermdesrecentlydeclassifiedNACAResearchMemorandumL50~l
by JacobZarovskyandRobertA. Gardiner,1%1.

.
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Thepurposeofthispaperistopresenttheresultsof thesecond
flighttestofa roll-stabilizationsyst&-oftheno-lagdirect-coupled
gyro-actuatedtypeusedinconjunctiotiwitiwing-tipailerons.The
firstflighttest,theresultsofwhicharereportedinreference1,”
demonstratedsatisfactorysupersonicandtransonicrollstabilization
oftheresearchmissileconfigurationwhendisturbedinrollbutin
essentiallyzero-liftflight.Thesecondflighttestsubjectedthe
autopilotandairframetobothrollingandpitchingdisturbancesto
determinetheeffectofnormalaccelerationandchangesinpitchattitude
ontheautopilotoperation.Thepitchingdisturbancesalsomadepossible
thedeterminationof
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longitudinalaeralynzimicdatafromtheflightrecord..

SYMBOLS

(zerothnefor fli@trecordsisfromtimeof
rocketfirtig)

inertiaaboutthebodycenterline,slug-ft2 —

inertiaaboutanaxisthro@ centerof~avltY,
perpendiculartobodyceherline,&’!.dlyingin~lane~f

3--horizontalwings,slug-f+ P“.:--— —
momentof inertiaaboutanaxisthroughcenterofgravity,
perpendiculartobodycenterline,andlyinginplaneof

H

verticalwings,slug-ft2;-— +

wingareainoneplaneboundedby extensionofleadingand
trailingedgestocenterlineofmodel,4.1sqft

_—

wingmeanaerodynamicchord,l.~ ft

wingspan,3.08ft

velocity,ft/sec

dynamicpressure,lb/sqft’,orpitching.“

angleofattack,positivewhenthenose
windvector,deg

angularvelocity

isabovetherelative

angleofroll,positive* rolltoright,deg

~, deg/secrolling angularvelocity,~ositivetoright,
dt .8

.
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totaldifferentialaileronangle,positivewhentrailingedge
ofrightaileronisdown,

averageailerondeflection,

rollingmoment,positiveto

rolling-momentcoefficient,

variationofrolling-mment-ac~
velocityfactor,—

~g

variationofrollhg-moment

deflection,%. ‘
qSb

deg

5a—, deg
2

right,ft-lb

L
~

coefficientwith

coefficientwith

controlgearingratio;staticvalueof —
2

pitching-momentcoefficient,

variationofpitching-moment
acm

attack,
z

variationofpitching-moment
acm

velocityfactor,
a~

variationofpitching-moment
ofangle-of-attackfactor,

Pitchirmmoment
C&c

coefficientwith

coefficientwith

coefficimtwith

rol.ling-angular-

averageaileron

sngleof

pitching-angular-

rateof change

- dt\2V)

canard-fin(elevator)deflection,positivewhentrailingedge
isdown,deg



variationofpitching-moment
acm

‘efl-ection’~

accelerationdueto gravity,

NACATN3915

.
coefficientwithcanard-fin

.

32.2ft/sec2
—..

transverseaccelerometerretiing,g

normalaccelerometerreading,g

normal-forcecoefficient,%#

variationofnormal-forcecoefficientwithangleof

attack,
~
au

Ziftcoefficient,
Aerodynamicforcenormaltoflightpath

qs

variationofliftcoefficientwithangleofattack,~
&

acJvariationofliftcoefficientwithcanard-fxdeflection,
de

frequency,radiems/sec ~

Machnumber

weightofmissile,lb

Subscripts:

L leftaileronangleonly

R rightaileronangleonly

trim trimcondition

.

.

—
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METEODSANDAPPARATUS

ModelandInstrumentation

me airframeusedintheflighttestdescribedhereinwasan all-
metalresearchmodelofthecanardmissiletype.A sketchofthemodel
isshownh figure1. I!asicmodeldimensionsandmeasuredphysical
characteristics-areshownintable1. Twominordifferencesmaybe
notedbetweenthismodelanditspredecessordescribedinreference1.
Thecylindricalsectionoffuselagebetweenthecanardfinsandwings
waslengthened1 inchtoallowfortheinclusiaofa pneumaticpower
supply.Thewing-tipfenceswereremovedbecausewind-tunneltests
reportedinreference2 indicatethatthefencesdonotimprovethe
controleffectivenessorhinge-momentcharacteristicsofwing-tipcon-
trolsurfacesona 60°deltawtig. Likethemodelofreference1,this
modelutilizedwing-tipaileronsasroll-controlsurfaces.Onesetof
ailerons(calledcontrolailerons)wasconnectedthrougha mechanical
linkagetotheautopilotandwasusedforautomaticstabilization.The
othersetofaileronswaspulsedina repeatingsquare-wavepatternto
providerolldisturbancesduringtheflight.Inaddition,onesetof
canardfinswasmovedtoproducepitchdisturbances.Theothersetof
canardfinswasfixedat zeroincidence.Themovablecanardfinsand
pulsedaileronswereactuatedbypneumaticservomotorsthroughsuitable
mechanicallinks.Thetimesatwhichpulsesoccurredweredetermined
fqomtheflightrecord.Thepulseamplitudesweremeasuredpriorto
theflight.Typicalcontrol-surfacepulseinformationispresentedin
figure2.

Themodelroll-pulsingsystemwasinoperationat take-offand
appliedprogramedrolldisturbancesthroughouttheflight.Thepitch
controlsurfacesweresetat 0°deflectionpriortotake-offandranained
inthatpositionuntilapproximately1 secondafterthemodelseparated
fromthebooster.At thattimethecanard-finpulsingsystemwasacti-
vatedandprogramedpitchdisturbancescontinuedthroughouttheremainder
oftheflight.

Modelinstrumentationwasdirectedprimarilytowardevaluationof
thequalityofrollstabilization.Sufficientinformationwasderived
fromtheflightrecordtodeterminesomerolling-andpitching-stability
derivatives.

ThemodelwasequippedwithanNACAtelemeter.Informationtel.em-
eteredincludedrollposition,control-aileronposition,total’pressure,
transverseacceleration,normalacceleration,singleofattack,aileron
andcanard-finpulseindications,anda referencestaticpressure.The
total-pressureandtransverse-accelerometeroutputswereswitchedon
onetelemeterchannel,andpulseindicationsdisplacedthereference
valuesofthestatic-pressureandtotal-pressurerecords.

.
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Theboosterusedtobringthemodelu~-tosupersonicspeedwasmade
upoftwo6,000-pound-thrust,3-second-~uration,solid-propellantrocket
motors.An adaptorfittingsimilarto theonementionedinreference1
provideda roll-freemodelmountingonthefrontof thebooster.A
photographofthemodelandboosteronthe~aunchingrackisincluded
as figure3.

.

.

Themodelwaslaunchedatapprox~tely50°fromthehorizontal.
Radarrecordswereobtainedforthei@tialpartoftheflight.The
telemetercont5nu&itofunctionthroughouttheflight.Radiosonde
recordswereobtainedforuseindataWduction.

Autopilot

Theautomatic-controlsystemconsistedofa three-degree-of-freedom
(position-sensitive)~oscope,em electrictorquemotor,anda mechanical
linkageconnectingthe~oscope andtorquemotorto theailerons.A
changeintherelativerollpositionofthe”modelwithrespecttothe
~oscope wastransmittedfromthegyroscopetotheaileronsthrougha —
camattachedtotheouter@nbalofthegyroscopeandcamridersattached
totheailerontorquerods. =.

Inoperation,thistypeofautopilotwillproducecontrol-surface .
deflectionsinstantaneouslyinresponsetochangesinrollattitudeof
themodel.Thecutofthecamdeterm@estherelationshipbetweenthe
rollangle @ andtheailerondeflectionba. TheCSXImayalsodeter- T

minethemaximumcontrol-surfacedeflection.Forthemodeltestreported
herein,thecamwasdesignedsothat ~a = K@,anda valueof0.6for K
waschosenasa resultofpreflightcalculationsreportedinreference1.
“Itmustbenotedthat,becauseofthe,si&conventionemployed,the
ailerondeflectionba intheaboveegyationopposestherolldisplace-
ment @. Onthebasisoftheflight-t,est”resultsreport~inrefer-
ence1,themaximumba wassetat*B” forthemodeltest. Sincethe

IIcamslopewaszerofor @ = Q- , themodelcouldrollbeyondthat
0.6

151anglewithtieailerondeflectionco~tantat 1 0 withoutdisturbing
theautopilotifa rollingdisturbanceUrge enoughto causesucha
motionisencounteredinflight.ThecamslopeK oftheautopilot
installedinthismodelwasmeasuredpriortotheflight.Themeasured
valueof K isnotedintableI. “ -- .

Hingemomentsandfrictionintheaileronlinkageappearas torques
,- .

attheouterg@balofthe~oscope,andthesetorquescauseprecession
ofthetier gimbal.Electricalconticts-builtintotheinnergimbal
sensethedirectionofprecessionand”transmitpowertooperatetheelec-

S

trictorquemotor.Thetorquemotorthti-restorestothegyroscopethe
necessarytorquetocentertheinner@mbalandpreventgimballock.— &.- —..-
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A furtherdescriptionoftheautopilotoperationappearsinrefew-
ence1. Figure4 isa photographoftheautopilotinstalledinthemodel.

RESULTSANDDISCUSSION

Portionsofthetelemeterrecordshowingrollpositionandleft-
ailerondeflectionarereproducedinfigures5 and6. me recordsindi-
catesuccessfulrollstabilizationthroughouttheMachnumberrangeof
interest(fromthemaximumMachnumberof1.79downtoa Machnumber
of0.8).

Theaer@mamicrollingderivatives~zp ~d Czaaiweredeter-

minedfortherolldisturbanceoccurringafterboosterseparationand
priortothefirstcanard-finpulsewhilethemodelwash essentially
zero-liftflight.Thesedatawereusedto extendthecurvesobtained
fromthezero-liftflightreportedinreference1 to thehigherMach
numberreached.Thesederivativesarepresentedinfigure7. Thepor-
tionoftherecordusedtodeterminethesederivativesisshownin
figure5.

Figure6 isa typicalportionoftherollrecordduringsupersonic
flightwhilethemodelwasdisturbedand,oscillatinginthepitchplane.
Theirregularityofthemotionshowninfigure6 as comparedwiththe
motioninfigure5 showsthatsomedisturbanceotherthanthepulsed
aileronsisaffectingtherollingmotionofthemodel.Aerodynamic
coupltigbetweenthecombinednormalandtransversemotionsandthe
rollingmotionis indicated.Figure6(c)allowssimultaneousexamhia-
tionoftherollrecordandtheno?malandtransverseacceleration
recordsfora partoftheflight.Thetransverse-accelerationrecord
isdiscussedlater.Thenormalandtransverseaccelerationsareof
reasonablylargemagnitudes,butthemomentsaffectingtherollingmotion
thatmaybeascribedto couplingaresmallrelativetothepulsed-aileron
moment.Theautopilotandtip-aileroncontrolsystemisobviouslycapable
of stabilizingthemcdelundermoresevereconditionsofaerodynamic
couplingthanwereencounteredinthisflight.

Continuingrolldisturbanceswouldprecludetheuseofthesin@e-
degree-of-freedomroll.equationtodescribetheroll- motioncompletely.
Themethodusedtodeterminetheaerodynamicrollingderivativesin zero-
liftflightwasbasedonananalysisofresidualoscillationsfollowtig
a stepdisturbanceandisgenerallyinadequatefortheanalysisof the
morecomplexmotion.Therollingderivativesmaynotreadilybe deter-
minedfortheentireflightsincetherolldisturbances,whetherdueto
couplingorothercauses,arerandomlyappliedandareunknown.However,
rollingderivativeswereextractedfromtherollrecordby themethod
usedto obtainthederivativesreportedinreference1 fortimeintervals
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duringwhichthepitchingmotionwasapproachingsteadystate.During
theseintervalsthecouplingmomentswerealsoassumedtoapproach
steadystateandmayhaveonlya smalleffectonthevaluesofthe
derivativesdeterminedby thismethod.Thederivativesdeterminedfrom
theflightrecordareshowninfigure7.,we derivativespresentedin
reference1 forzero-liftflightarealsoshown.Derivativesdetermined
duringthisflightwithliftareidentifiedinfigure7 withtheaverage
angleofattackfortheappropriateinterval. .

Angleofrollwasdeterminedfromtherecordof control-aileron-
positionbyusingtherelationshipba = K@. Figure8 comparesthe
telemeteredangleofrollandthatdeterminedfromthecontrol-alleron-
positionrecord.Theinformationavail~bleisinsufficienttoallowa
completeexplanationofthedifferencebetweenthecurvesshowninthe
figure.F&h theautopilotgyroscopeandthetelemeterinstrumentgyro-
scopewerecarefullybalanced.Theinstrumentfgroscopewasa smallair-
drivengyroscopeofthecoastingtypeandwasconsideredtobe delicate.
Theautopilotgyroscopewaselectricallydrivenon internalmodelpowersxd
wasruggedlyconstructed.Theautopilotoutergimbalwassubjectedto
torquesappliedbyhingemoments,friction;andtheelectrictorquemotor.
Ihth~oscopesweresub~ectedto.lineqaccelerationsof largemagnitudes
(somettiesapproximately~ginthenormal~ longitudinaldirections).
Partofthedifferencemaybeattribute~topossibletelemetererror,
whichisestimatedtobea maximumerrorof0.8°fortheroll@ngleand
of0.3°forthetelemeteredcontrol-ail+ronposition.Themaximuminac-
curacyof K isestimatedtobe equivalenttoa rollangleof0.5°.
Eitherorbothgyroscopereferencesmayhavebeenaffectedby linear
accelerations.Althoughgroundtests@ve_shownno tendencyoftheauto-
pilotgyroscopetodriftundersimulatedhinge-momentloading,thecon-
ditionsencounteredinflightmayhaveresfitedinchangesintherefer-
encefortheautopilotgyroscope.Inspiteoftherelativedriftingof
thegyroscopes,theexcellentagreement,ofthephaseandthesmalldif-
ferencesinthemagnitudesoftheroll&@es showninfigure8 indicate
satisfactoryautopilotoperation,especiali”yinconsiderationof the
simplicityoftheautopilottested.

AileronHingeMoments

Thehingemomentsencounteredinthisflightwerenotmeasured
quantitatively;however,thefrequencyofautopilot-torque-motoropera-
tion,as indicatedby small_butidentifiabledisturbancesinthecontrol-
aileronrecord,showedthatthehingemomentsencounteredintherange
ofMachnumberscoveredby themodelflightweresmall.Thisresult
agreeswiththehinge-momentinformaticmreportedh reference1. Changes
inangleofattackexperiencedinthisflighthadnoapparmteffecton
thecontrol-momentoutputrequiredoflheautopilot.

.
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LongitudinalStability

. Portionsof thenormal-accelerationandangle-of-attacktelemeter
recordsareshowninfigure9. Sufficienttelemeteredinformationwas
availableto determinethemoreimportantlongitudinalaerodynamic
derivativesfromtheflightrecord.Themethodsemployedindatareduc-
tionmaybe foundintheappendixesofreferences5 and4. Ingeneral,
twosetsofderivativeswereobtained:onesetfora canard-ffideflec-
tionof 2.680andtheothersetfora deflectionof -4.4P. Theindivid-
ualderivativesdeterminedarediscussedsubsequently.Resultsfrom
wind-tunneltestsofthisconfigurationarereportedinreference7,
anda summaryof free-flightandwind-tumnelinvestigationsofthis
canardconfigurationarepresentedinreference6.

AerodynamicderivativesCNa and C~.- Thevaluesof C% were

determineddirectlyfromtherecord.Sincemdel instrumentationdid
notincludea longitudinalaccder~eterj C& couldnotbe directly
determined.ThedifferencebetweenC!& ad Ck fortheanglesof
attackencounteredinthisflightwasestimatedandwasfoundto be
negligible.A plotof CNa asa functionofMachnumberisshownin

figure10. Thevaluesof C& presentedinreference3 foranother.
600delta-wingcanardmissileresearchmodelarealsoshown.

Static-stabili@derivativeC~.-. Thestaticpitching-moment
derivativeCm wasdeterminedfromtheangle-of-attackflightrecord
andispresent=asa functionofMachnumberinfigureU(a). The
valuesof ~ werefoundtobeappreciablylowerforthepulsesat
be = 2.68°thanforthepulsesat be = -4.4%;thisdifferenceindi-
cateslessstabilityat loweranglesofattack.Wind-tunneldata(ref.5)
alsoshowthistrend.Theaerodynamic-centerlocationisshowninfig-
ureU(b). Theaerodpic-centerlocationdeterminedforthemodel
flightofreference3 hasbeencomparedwiththatofthepresenttest.
Estimatedcorrectionsfordifferencesinthegeometriccharacteristics
ofthetwomodelsresultinreasonableagreementbetweenthetwoflight
tests.

Thecurveofaerodpc-center locationshowninfigureU(b) indi-
catesthatthevariationof C% isdependentprinm.ril.yon C~, since
theaerodynamic-centerlocationdoesnotseemtovarywith be. Wind-
tunneldataofreference5 indicatethatthevariationsof C~ for
variouscontrol-surfacedeflectionsareofthesameorderofmagnitude
as thevariationsof ~ withangleofattack.Thenonlinearityof
CL and C% shownby thistestmaythereforebe concludedtoresult

fromvariationsinbothangleofattackandcanard-findeflection.
.
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Aerodynamic-dampingderivativescm + c~.- The valuesofthe
damping-in-pitchderivatives~q + ~ asdeterminedfromtheangle- .
of-attackflightrecordareshowninfig&e 12. Abouthalfthedamping “’ ~
ofthetransientmotionisdueto thesederivatives;theremainderof
thedampingischieflydueto c~.

Controleffectiveness.-For.theconfigurationtested,thelift
contributedbythecontroldeflectionis%y smallandmayevenbe
negative(seeref.3) sothatthecontroleffectivenessisdependenton
lifeabilityofthecontrolsurfacetotrimthemodelat anangleof
attack.Fromthestandpointofmaneuverabilityandautomaticcontrol,
a hi@ value of ~r~be isdesirable.Thefactors-t causeC~e

tobe small(reducedliftonthewingduetodownwash)contributetoa
largepitchingmomentduetocanard-fin(elevator)deflection.Thelift
onthecanardfins1%approximatelycahceledby thelossofliftonthe
wingssothatthepitchtigmomentproduc@__bycanard-findeflection
approachesa purecoupleandchangesverylittlewithmovementofthecen-
terof gravity.Thevaluesof %be derivedfromthedatadependonthe

assumptionthattheratio~r~/be ipconstantata givenMachnumber
fortherangeof a and be encountered.&causeofthisassumption,

C%e reflectsthenonlinearityof ~. ‘Thevariationof ~r~/be .

withMachnumberfortheflightissho~ infigure13(a),andthevalues
—

of be areshowninfigure13(b). a

Theaerdynamic-controlderivativec% e wasnotpresentedbecause
numericalvaluesofthederivativewereinsignificant.FYomthestand-
pointofautomaticstabilizationandcontrol,theomissionof cue from
themotionequationsforthiscanardconfigurationhasnonoticeable
effectoncalculatedairframecharacteristics.Valuesof C- deter-

mined,foranotherflighttestofa can&dmodelarereportedin
reference3.

Nonlinearities.-Theflight-testdatashowthattheaero~mic
derivativesforthisconfigurationare’somewhatnonlinear.Wind-tunnel

-—

data(ref.5)indicatethat Cm andC& arenonlinear.(Seepoints

on figs.10andn(a).) Thewind-tunnkltestsalsoshowthatthelift
andpitching-momentvariationswithbow ~ngleofattackandcanard-fin
deflectionarenonlinear.Nononlinearitieswereapparentinthedata
determinedfromtheflightreportedtirefercmce3. Thesyrmnetri.cal
canard-finpulseofreference3 andtheresultantsymmetricalangle-of-
attackvariationsyielded,aswouldbe’e@ected,consistentdataamd
indicatedthatthederivativeswerelinear;nonlinearitiesmaybe obscured ““
by thesymmetricaltestingprocedureahdthemethodsofdatareduction.

.
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.
Themodelofreference3 wasnotstabilizedinroll. Thegood

agreementwiththederivativesdeterminedfromtheflightrecordofthe
. roll-stabilizedmodelundercomparableflightconditionsindicatesthat

flighttestsoffree-to-rollmodelswillyieldsatisfactorylongitudinal
dataforanalysisanddesignwork,providedthatreasonablecareis
exercisedinmodelconstructionsothatrollingvelocitiesareheldto
lowvalues.

LongitudinalFrequencyResponse

Thelongitud-1frequ~,ncyresponsesof a/5e weredeterminedfrom
the a transientsforthe be pulsesintheMachnumberrangeof
interest.Theseresponseswillbe uEefulinautomatic-stabilization
analyses.Themethodusedtodeterminethefrequencyresponsesfromthe
t~nsientsis that giveninreference7. Figure14 showsa typical
frequency-responsecurve.Theresonantfrequencies(ordampednatural
frequencies)areplottedh figure15at theaverageMachnumbersfor
theintervalsduringwhichthefrequencyresponsesweredetermined.
Theresonant-frequencypointsreflectthenonlinearityof ~, which “
istheaerodynamicspring-constantcoefficientofthesysteminthepitch
planeandisthemostMluentialofthederivativesindeterminingthe
frequencyofthemodelmotion.Theresonantfrequencyisdependentalso
onthedynamicpressureq. (Thiseffectaccountsfortheincreasein
theresonantfreqzencywithincreasingMachnumber,althou@thevalue
of (& isdecreasing.)Forthisreasonanyfactors
suchas changesinaltitude,alsoaffecttheresonant

whichaffectu
frequency.

TransverseAccelerations

Themodelwasnotdeliberatelydisturbedinthetransverseplane.
Itwasexpectedthatcomponentsofaccelerationintheplaneofpitch
disturbanceswouldaffectthetransverseaccelerometerwithchsngesin
therollattitude,sincerncdelinstrumentationsensesmotionsandaccel-
erationswithrespecttothemodelaxes. However,theresultantofthe
normalandtransverseaccelerationvectorsdoesnotrotateinthesame
mannerthatthemodelrotatesaboutitsrollaxis.Again,aerodynamic
coupl~ isindicated.Theeffectofthetransversemotiononthe
pitchingmotionwouldbe small.becauseoftherelativemagnitudesof
themotions.A portionofthetransverse-acceleratimrecordappears .
infigure9.
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.

Gusts _ —

Thisflighttookplaceinan overcas~-immediatelyprecedinga rain- -
storm.Theassumptionthatgustswereprevalentatthethe isa rea-
senableone. Someabruptchangesinthetransverse-accelerationrecord

—

maybeattributedto gustsencountered,ir.flight.Evidenceofgusts
—

alsoappearedintheangle-of-attackagdnormal-accelerationrecords, ‘“
butthesedisturbancesweresmallinrelationtothepitchingmotion

—

andshouldhave-noappreciableeffectqnderivativesobtainedfromthe
+

record.Theeffectof gustsontherollingmotionisnotknown,butit
isprobablethattheprimaryeffectwould-betheintroductionofrolling
momentsduetoaerodynamiccoupling.

tion
cate

CONCLUSIONS

Resultsofa flighttestofa roll-stabilizationmissileconfigura-
atvariousanglesofattackatMachnumbersfrom0.8to 1.79indi-

—

thefollowingconclusions:

1.Theconfigurationtestedwasfoundtobe stabilizedinroll
whileflyingwithvaryingliftat supersonicandtransonicspeedsby .

theuseofthegyro-actuatedcontrolsystemandwing-tipaileronsund6r a-

theconditionsencounteredintheflight..

2.Thetip-aileronandgyro-actua$edcontrolcombinationappears *

tobe capableof stabilizingthismodelinrollundermoreseverecon-
.—

ditionsofaerodynamiccouplingthenwereencounteredinthisflight.
—

3.Theflightoffree-to-rollmod~ls-willyieldsatisfactorylongi-
tudinaldataforanalysisanddesign.work,providedthatreasonablecare
isexercisedinmodelconstructionsothat.rollingvelocitiesareheld
to lowvalues.

4.Thelongitudinalstabilityderivativesoftheconfiguration
testedaresomewhatnonlinear.

5.Second-tieroraeroeic couplingeffectsareof sufficient
magnitudetowarrantfurtherinvestigation. _.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

—

LangleyField,Vs.,October22,1956.

.
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Figure6.- Continued.
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Figure 7.-Aerodynamicroll derivative for the missile mcdel determined
from the flight records.
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mcdel are shown for comparison.
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